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TheworkbyVi anello et al. 1 importantly describes the efficacy of mechanical insufflation-exsufflation (MI-E) for avoiding intubation for patients with neuromuscular diseases (NMDs) and upper respiratory tract infections. A painless, noninvasive intervention is used instead of invasive airway management. However, their results were suboptimal because both MI-E and chest physical therapy-only groups underwent bronchoscopy with equal frequency and because as many as 2 of 11 patients treated with MI-E underwent intubation. By contrast, previous reports have demonstrated significant reductions in pneumonias and hospitalizations and virtual elimination of respiratory mortality for cooperative patients with most NMDs. These patients can be managed at home, despite the need for continuous (noninvasive) respiratory support and almost continuous use of MI-E to reverse mucus plug-associated oxyhemoglobin desaturations. [2] [3] [4] [5] The authors recognized that their results might have been better had they used MI-E more aggressively, but a review of the literature reveals that their insufficiently aggressive management approach is the rule rather than the exception. 6 The reasons for the widespread failure to optimally use mechanically assisted coughing need to be explored. The concept of physical medicine respiratory muscle aids must be understood. Respiratory morbidity can result from inspiratory, expiratory, or bulbar innervated muscle dysfunction. However, the inspiratory and expiratory muscles can be compensated for by applying pressures to the airway (noninvasive ventilation and MI-E) or body (body ventilators and abdominal thrusts) so successfully that Ͼ700 ventilator users, many of whom are totally ventilator dependent with little or no measurable vital capacity, have been managed for as long as 55 yrs without resorting to
February 2005
Comments on Mechanical Insufflation-Exsufflation 89 COMMENTARY Pulmonary tracheotomy. 6 Although physical medicine aids are not effective in compensating for bulbar innervated muscle dysfunction, only advanced bulbar amyotrophic lateral sclerosis 4 and a small percentage of spinal muscle atrophy type 1 5 patients fail treatment with physical medicine aids and go on to require tracheostomy to prolong survival. A cough is only as effective as the airway flows generated by the expulsive decompression that occurs on glottic opening during a cough effort. A normal cough expels a volume of air that is four times greater than tidal volume. Therefore, provision of a normal tidal volume for NMD patients whose reduced tidal volumes approach their vital capacities will not optimize their cough flows. An optimal cough volume (for effective lung recoil) can be provided by insufflating the patient's lungs to a "maximum insufflation capacity." 7 This can never be accomplished for these patients by limiting insufflation pressures to 25 cm H 2 O, as used by Vianello et al. 1 Insufflation pressures are commonly limited in this manner because physicians have far more experience in treating lung/airways diseases in which barotrauma is common and pneumothoraces an anathema. Clinical barotrauma is rare by comparison in NMD patients. In Ͼ1000 ventilator users, most of whom were depending on MI-E with insufflation pressures of 40 -60 cm H 2 O to spare them from pneumonia and respiratory failure for every one of their upper respiratory tract infections (in some cases over a 52-yr period), no pneumothoraces were ever found.
The effectiveness of MI-E is not directly dependent on the machine pressure settings. Using MI-E via a small pediatric translaryngeal tube at machine pressures of 80 cm H 2 O does not mean that these pressures are transmitted to the airways. Pressure drop-off across small tubes or blocked airways is severe. The effectiveness of MI-E and the resulting cough flows are dependent, rather, on having full lung insufflation for maximal lung recoil without over expanding the lungs to cause barotrauma. Fortunately, self-directed patients never permit potentially harmful and, indeed, uncomfortable overexpansion. Physicians, however, do not like to rely on patients' feedback and so they use less effective pressures.
Vianello et al. 1 also noted that pressures were no longer increased when patients complained of "suffocation." However, proper administration of MI-E should hyperventilate rather than hypoventilate any patient. If insufflation or exsufflation pressures are inadequate or are administered too long, the patient literally cannot breathe. Insufflation to full lung expansion and exsufflation to complete emptying should take place in Յ7 secs.
Vianello et al. 1 defined manually assisted coughing as an abdominal thrust. However, for patients whose vital capacities are less than normal, manually assisted coughing is not optimally effective unless preceded by a maximal lung insufflation. Further, MI-E is not optimal unless an abdominal thrust is applied during the exsufflation. This is because the negative pressure applied to the airway has a tendency to collapse airways, as do the positive transpulmonary pressures created during unassisted coughs. Normal abdominal muscle contractions during coughing tend to maintain airway patency. Because the abdominal muscles are too weak to do this for the NMD patient, the abdominal thrust becomes essential to permit effective cough flows. In fact, cough flows are increased significantly more by the maximal insufflation than by the abdominal thrust alone. 6 Thus, lung insufflation is part of manually assisted coughing just as abdominal thrusts are part of mechanically assisted coughing. Abdominal thrusts and MI-E are not only not mutually exclusive, they must be combined for effective prevention of lower respiratory tract infection and respiratory failure.
Vianello et al. 1 used peak expiratory flows as a variable for assessing cough impairment. However, peak expiratory flows do not depend on glottic function. Just as huffing is normally less effective than coughing, one cannot cough without closing the glottis. Similarly, maximum expiratory pressures do not reflect cough effectiveness because such pressures, even when normal, must be transmitted through unobstructed airways to generate optimal cough flows. There is no substitute for measuring peak cough flows when assessing cough effectiveness. Indeed, we find it useful to measure unassisted peak cough flow, peak cough flow from a maximally expanded (air stacked) 7 lung, and "assisted" peak cough flow, coughs from a fully expanded lung with an abdominal thrust timed to glottic opening.
Vianello et al. 1 and others have reported that manually assisted coughing is labor-intensive and often difficult for nonprofessional caregivers. However, it is next to impossible to manage advanced NMD patients without tracheostomy tubes unless their families and care providers provide virtually all of their care during upper respiratory tract infections. Just as anyone with bronchitis does not wait 6 hrs to cough twice a day, using MI-E 2.7 times a day as reported in the article by Vianello et al. 1 can be grossly inadequate. It is inadequate for hospital staff to take full care of the hospitalized patient and instruct the family just before discharge and to then expect them to prevent another episode. Whereas the family often has the time and motivation to use MI-E along with abdominal thrusts every 15 mins or so and use oximetry as feedback to maintain normal saturation (without supplemental oxygen) for the home or intensive care patient, [3] [4] [5] one cannot expect the nursing and respiratory therapy staff to do this.
Noninvasive ventilation can be used for continuous ventilatory support acutely or long-term. Because the currently available bilevel pressurecycled units are limited to pressures of Ͻ40 cm H 2 O, they cannot provide the deep lung volumes needed for effective cough assistance. Although Vianello et al. 1 used a volume-cycled ventilator, they used 10 ml/kg to set the ventilator delivered volumes. Although such a formula is adequate for closed-system assisted ventilation, such as via a tracheostomy tube with an inflated cuff, noninvasive ventilation is an open system. We typically use 1000-to 1500-ml tidal volumes and let the patient's ventilatory drive modulate air delivery to the lungs.
It is also important to note that although goals of achieving oxyhemoglobin saturation of at least 90% and PaCO 2 of 45 mm Hg may be adequate for patients with primarily lung disease, these figures are not acceptable for patients with weak respiratory muscles who should have essentially normal lung tissue. Although we invariably successfully extubate patients with little or no vital capacity to continuous noninvasive positive pressure ventilation when the oxyhemoglobin saturation is Ͼ94% in ambient air and CO 2 is normal, the extubation failure rate is very high when patients require supplemental oxygen to maintain normal oxyhemoglobin saturation.
In summary, only advanced bulbar amyotrophic lateral sclerosis and some spinal muscular atrophy type 1 patients should ever require tracheostomy tubes to prolong survival. This can only be accomplished if clinicians understand and use both the inspiratory and expiratory muscle aids effectively. The former include the use of simple mouthpiece intermittent positive-pressure ventilation during waking hours and nasal or lip-seal ventilation during sleep. The latter include mechanically assisted coughing with MI-E with abdominal thrusts (albeit gingerly for 1 hr after a meal) to maintain normal oxyhemoglobin saturation. The great majority of patients find MI-E to be most effective at 35-45 cm H 2 O pressures for insufflations and exsufflations. In experimental models, pressures of ϩ40 to Ϫ40 cm H 2 O have also been shown to provide maximum forced deflation volumes and flows.
Although a less aggressive regimen, the study by Vianello et al. 1 is certainly a step in the right direction. This is especially true for clinicians who, not so long ago, recommended (mini-)tracheostomies to prevent respiratory complications for all NMD patients. Failure to correctly administer physical medicine aids continues to make respiratory failure inevitable for the great majority of people with NMD. Most such patients remain uninformed about noninvasive options when consenting to or refusing bronchoscopy maneuvers, endotracheal intubation, or tracheotomy.
